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Fcc receptor (FccR)-mediated phagocytosis requires myosin II activity. Here we show that myosin II
contributes to FccR activation and subsequent F-actin assembly at the nascent phagocytic cup. Inhi-
bition of myosin II attenuates phosphorylation of the immunoreceptor tyrosine-based activation
motif (ITAM) of FccR and binding of Syk to the ITAM. Furthermore, FccR clusters independently
of myosin II activity at the phagocytic cup, from which the receptor-like protein tyrosine phospha-
tase CD45 is excluded depending on myosin II activity. These ﬁndings suggest that myosin II-depen-
dent segregation of CD45 from FccR facilitates phosphorylation of the ITAM and triggers
phagocytosis.
 2012 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
Phagocytosis is the principal mechanism by which leucocytes
engulf and eliminate pathogenic microbes [1]. Phagocytosis of
IgG-opsonized particles is mediated by Fcc receptors (FccRs). Each
FccR consists of a ligand-binding a-chain and a homodimer of
common c-chains (FcRc), which contain immunoreceptor tyro-
sine-based activation motifs (ITAMs). The interaction between
FccR and IgG results in phosphorylation of the ITAM by Src family
kinases (SFKs). Once phosphorylated, the ITAM serves as a docking
site for the tandem SH2 domains of Syk, a tyrosine kinase that
transmits a signal leading to actin polymerization and particle up-
take [2].
A recent study proposed spatial reorganization of signaling pro-
teins in the plasma membrane as a mechanism by which receptor
signaling is activated during phagocytosis [3]. Dectin-1 is achemical Societies. Published by E
unoreceptor tyrosine-based
amily kinase; Csk, C-terminal
, phosphatidylinositol 4,5-
tute, National University of
ingapore 117411, Singapore.phagocytic receptor that recognizes b-glucans in fungal cell walls.
Binding of b-glucan particles to macrophages promotes clustering
of Dectin-1 at contact sites, from which receptor-like protein tyro-
sine phosphatases such as CD45 are excluded, sequestering their
inhibitory phosphatase activity away from Dectin-1 and allowing
the activation of Dectin-1 signaling.
CD45, originally known as the leukocyte common antigen, plays
an important role in regulating ITAM signaling [4]. It has been re-
ported that CD45 dephosphorylates both SFKs and substrates of
SFKs, including ITAM-containing proteins such as CD3f and
DAP12 [4–6]. SFK activity is determined by the phosphorylation
of two key tyrosine residues. Autophosphorylation of a tyrosine
residue in the activation loop increases kinase activity, whereas
phosphorylation of a tyrosine residue in the C-terminal tail by C-
terminal Src kinase (Csk) decreases kinase activity. In macro-
phages, CD45 dephosphorylates both these tyrosine residues and
is therefore capable of both activating and inactivating SFKs [7,8].
The motor protein myosin II, through its ability to bridge actin
ﬁlaments and generate contractile forces, is involved in various cel-
lular processes including cell adhesion, migration, and division [9].
Recent studies have demonstrated that myosin II regulates the
mobility and activity of signaling proteins in the plasmamembrane
of leukocytes [10,11]. Myosin II has also been implicated in FccR-
mediated phagocytosis, based on observations that it localizes tolsevier B.V. All rights reserved.
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light chain (MLC) is detected [12], and that inhibition of myosin
II decreases the rate of particle uptake [12–14].
In this study, we further investigated the role of myosin II in
FccR-mediated phagocytosis. Our results suggest that myosin II
participates in the segregation of CD45 from FccR in the plasma
membrane to facilitate phosphorylation of FcRc, leading to the ac-
tin-driven uptake of IgG-opsonized particles.
2. Materials and methods
2.1. Cell culture and transfection
RAW264.7 and COS-7 cells were cultured in Dulbecco’s modiﬁed
Eagle’smedium (Nissui) supplementedwith 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin. RAW264.7 and COS-7 cells
were seeded on glass bottom dishes and transfected with the indi-
cated plasmids using FuGene HD (Roche) and Lipofectamine LTX
(Invitrogen), respectively. Bone marrow-derived macrophages
(BMDMs) obtained from C57BL/6 mice were cultured in minimum
essential medium a (Gibco) supplemented with 10% FBS and 20 ng/
ml macrophage colony-stimulating factor (Peprotech).
2.2. Reagents and antibodies
Blebbistatin and ML-7 were purchased from Merck. Anti-BSA
polyclonal antibody (Immunology Consultants Laboratory) was
used for bead preparation. Anti-FcRc polyclonal (Millipore), anti-
Syk polyclonal, anti-phospho-MLC Thr18/Ser19 polyclonal (Cell
Signaling Technology), anti-HA monoclonal (3F10, Roche), anti-
phosphotyrosine monoclonal (4G10, Millipore), anti-phospho-Syk
monoclonal (C87C1, Cell Signaling Technology), anti-CD45 mono-
clonal (YW62.3, AbD Serotec), and anti-FcRc monoclonal (7D3,
kindly provided by Dr. Robert P. Kimberly) [15] antibodies were
used for immunoblotting and immunoﬂuorescence. Phospho-spe-
ciﬁc antibody for FcRc (pTyr76) was generated by immunizationFig. 1. Accumulation of F-actin at the phagocytic cup depends on myosin II activity. (A)
(DMSO 0.1%), blebbistatin (50 lM), or ML-7 (10 lM) at 4 C for 30 min and subsequen
internalized beads per cell. At least 150 cells were analyzed for each experiment. Data rep
(Mann–Whitney U test), compared with vehicle (B and C) RAW cells were incubated with
green), F-actin (red), and extracellular beads (blue). (C) Cells expressing F-Tractin-tdToma
F-actin (phalloidin; green) and extracellular beads (blue). (D and E) RAW cells expressing
for 30 min and subsequently exposed to IgG-opsonized beads. Fluorescence emitted from
IgG-opsonized beads. Bars, 3 lm. Numbers indicate the time in seconds after the bead co
the mean ± S.D. of 4–10 phagocytic cups.of a rabbit with the KLH-conjugated phosphopeptide
[RSQET(pY)ETLKHE (amino acids 71–82)] (Operon Biotechnology).
2.3. Plasmids
The F-Tractin-tdTomato construct and the PLCd-PH-EGFP con-
struct were kindly provided by Dr. Michael J. Schell and Dr. Tamas
Balla, respectively [16]. Human syk cDNA was ampliﬁed by PCR
from a THP-1 cDNA library and cloned into pcDNA3-EGFP or tdTo-
mato vector. Site-directed mutagenesis was used to generate
pcDNA3-Syk-R195A-tdTomato, in which arginine at amino acid
position 195 in the C-terminal SH2 domain of Syk was mutated
to alanine [17]. A deletion mutant (amino acids 1–250) of human
Fcgriia cDNA was ampliﬁed by PCR from the THP-1 cDNA library
and cloned into pcDNA3 vector. Wild-type and kinase-inactive
(K402R) Syk were cloned into the pcDNA3-FccRIIA (1–250) vector.
2.4. Phagocytosis
Polystyrene beads (3 lm in diameter; Polysciences) were incu-
bated with 10 mg/ml BSA in PBS overnight at 4 C and then incu-
bated with anti-BSA polyclonal antibody for 1 h at room
temperature. For experiments using anti-phospho-MLC immuno-
staining, beads were opsonized by incubation with 2.5 mg/ml hu-
man IgG (Sigma) for 1 h at room temperature. IgG-opsonized
beads were suspended in PBS. Cells were pre-incubated with
IgG-opsonized beads in the presence of blebbistatin (50 lM) or
ML-7 (10 lM) at 4 C for 30 min and subsequently incubated at
37 C for the indicated time to induce phagocytosis. To quantify
the efﬁciency of phagocytosis, external beads were stained with
Alexa Fluor-conjugated anti-rabbit IgG antibody.
2.5. Immunoﬂuorescence
Fixed cells were permeabilized with 0.1% Triton X-100 contain-
ing 1% BSA for 5 min and incubated with primary antibodies for 1 hRAW cells were pre-incubated with IgG-opsonized beads in the presence of vehicle
tly incubated at 37 C for 15 min. The phagocytic index indicates the number of
resent the mean ± S.D. of three independent experiments. Asterisks indicate p < 0.05
IgG-opsonized beads at 37 C for 1 min and stained for phosphorylated MLC (P-MLC;
to (red) were incubated with IgG-opsonized beads at 37 C for 1 min and stained for
F-Tractin-tdTomato were pre-incubated with vehicle, blebbistatin, or ML-7 at 37 C
F-Tractin-tdTomato was monitored by confocal microscopy. Arrowheads point to
ntacts the cell. Phagocytic cup/cell periphery ratio was calculated (E). Data represent
Fig. 2. Syk-induced accumulation of F-actin does not require myosin II activity. (A
and B) COS-7 cells expressing HA-tagged FccRIIA-Syk (A) or kinase-inactive
FccRIIA-Syk-K402R (B) were pre-incubated with IgG-opsonized beads in the
presence of vehicle, blebbistatin, or ML-7 at 4 C for 30 min and subsequently
incubated at 37 C for 10 min. Cells were stained for HA (green) and F-actin (red).
Arrowheads point to IgG-opsonized beads. Bars, 3 lm.
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20 min. Images were obtained using the Nikon A1R confocal micro-
scope equipped with the oil-immersion objective (100). Rhoda-
mine-phalloidin, Alexa Fluor 488-phalloidin, and Alexa Fluor-
conjugated secondary antibodies were purchased from Invitrogen.
2.6. Live-cell imaging
RAW cells grown on glass bottom dishes were incubated in
Ringer’s buffer (10 mM HEPES (pH 7.4), 2 mM Na2HPO4, 155 mMFig. 3. Accumulation of Syk at the phagocytic cup depends on myosin II activity. RAW ce
at 37 C for 30 min. Cells were then exposed to IgG-opsonized beads. Fluorescence emitte
time in seconds after the bead contacts the cell. (A) Arrowheads point to IgG-opsonized b
mean ± S.D. of 4–6 phagocytic cups.NaCl, 5 mM KCl, 1 mM MgCl2, 10 mM glucose) with blebbistatin
(50 lM) or ML-7 (10 lM) at 37 C for 30 min. IgG-opsonized beads
were added to induce phagocytosis after placing the cells in an
incubator mounted on a Nikon A1R confocal microscope equipped
with an oil-immersion objective (100).
2.7. Image analysis
Images were analyzed with ImageJ software (NIH). Mean ﬂuo-
rescence intensities at the phagocytic cup and cell periphery were
measured after background subtraction, and the ﬂuorescence ratio
of phagocytic cup/cell periphery was calculated. To quantify the
recruitment of Syk to the phagocytic cup, mean ﬂuorescence inten-
sities of Syk-tdTomato at the phagocytic cup and cytosol were
measured after background subtraction, from which the ﬂuores-
cence ratio of phagocytic cup/cytosol was calculated.
2.8. Immunoprecipitation and Immunoblotting
Cells were solubilized in lysis buffer (50 mM Tris–HCl (pH 7.6),
1 mM sodium orthovanadate, phosphatase inhibitor cocktail
(Roche), protease inhibitor cocktail (Roche), 1% Triton X-100) and
centrifuged at 15000g for 20 min. The supernatants were used
as the total cell extracts. Immunoprecipitation was performed
using anti-FcRc (7D3) or anti-Syk antibody with protein G sephar-
ose (GE Healthcare). The immune complexes were then subjected
to SDS–PAGE. Blots were quantiﬁed using ImageJ software.3. Results and discussion
It is known that actin polymerization provides the driving force
for pseudopod extension during phagocytosis [1,2]. However, the
role of myosin II in phagocytosis remains elusive [18]. In agree-
ment with previous studies [12–14], phagocytosis of IgG-opso-
nized beads by RAW264.7 macrophages (RAW cells) was
signiﬁcantly impaired by blebbistatin and ML-7, inhibitors of myo-
sin II ATPase activity and myosin light chain kinase, respectively
(Fig. 1A). The phosphorylated form of MLC was localized to the nas-
cent phagocytic cup before the pseudopods enclosed IgG-opso-
nized beads (Fig. 1B), suggesting that myosin II plays a role at an
early stage of phagocytosis.
To investigate the link between actin dynamics and myosin II
activity, we visualized F-actin using the F-actin-binding domain
of inositol trisphosphate 3-kinase A (amino acids 9–40) tagged
with tdTomato (F-Tractin-tdTomato). F-Tractin-tdTomato colocal-
ized with phalloidin and was highly concentrated at the phagocytic
cup, as illustrated in Fig. 1C, conﬁrming that F-Tractin-tdTomato is
suitable for visualizing F-actin during phagocytosis. Using thislls expressing Syk-tdTomato were pre-incubated with vehicle, blebbistatin, or ML-7
d from Syk-tdTomato was monitored by confocal microscopy. Numbers indicate the
eads. Bar, 3 lm. (B) Phagocytic cup/cytosol ratio was calculated. Data represent the
Fig. 4. Phosphorylation of FcRc and its binding to Syk depend on myosin II activity.
(A) RAW cells cotransfected with wile-type Syk-EGFP (WT) and Syk-R195A-
tdTomato were exposed to IgG-opsonized beads. Fluorescence emitted from Syk-
WT-EGFP (green) and Syk-R195A-tdTomato (red) was monitored by confocal
microscopy. Numbers indicate the time in seconds after the bead contacts the cell.
Bar, 3 lm. (B and C) RAW cells were pre-incubated with IgG-opsonized beads in the
presence of vehicle, blebbistatin, or ML-7 at 4 C for 30 min and subsequently
incubated at 37 C for 5 min. Cell lysates were subjected to immunoprecipitation
(IP) with anti-FcRc antibody followed by immunoblotting (IB) with anti-Syk (B) or
anti-phospho-FcRc (P-FcRc) (C) antibody. Blots were quantiﬁed and relative values
(immunoprecipitated Syk/FcRc in B and P-FcRc/FcRc in C) were normalized with
the vehicle sample, before exposure to IgG-beads, set at 1.
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Upon attachment of the IgG-opsonized bead, actin-rich pseudo-
pods advanced along the surface of the bead (Fig. 1D, top,
120 s). Disassembly of F-actin began at the base of the cup during
pseudopod extension (150 s). F-actin around the bead became
undetectable after phagosome internalization (240 s). We found
that this process of phagocytosis was modulated by inhibition of
myosin II. In the presence of blebbistatin (Fig. 1D, middle) or ML-
7 (Fig. 1D, bottom), although shallow phagocytic cups were
formed, F-actin accumulation at the sites of bead attachment was
impaired.
Consistent with the above results, quantiﬁcation of phalloidin
staining revealed that inhibition of myosin II reduced the number
of actin-rich cups 3 minutes after the induction of phagocytosis in
RAW cells by approximately 70% (Supplementary Fig. 1A). Further-
more, similar results were obtained using primary BMDMs (Sup-
plementary Fig. 1B). However, a previous study using primary
BMDMs reported that actin-rich cup formation after a 30 min incu-
bation with IgG-opsonized particles was unaffected by treatment
with ML-7 [12]. It has also been reported that in ML-7-treated
RAW cells, F-actin assembly and pseudopod extension occur
around IgG-opsonized particles, but more slowly than in control
cells [12]. We observed that the effect of myosin II inhibition on ac-
tin-rich cup formation was less pronounced when RAW cells were
incubated with IgG-opsonized particles for a longer period of time
(Supplementary Fig. 1C). In agreement with this result, the number
of internalized IgG-opsonized particles within 15 min was reduced
by approximately only 40% in the presence of blebbistatin or ML-7
(Fig. 1A). Taken together, these results suggest that both myosin II-
dependent and -independent mechanisms distinctly regulate
phagocytic cup formation.
A previous study has shown that recruitment of Syk to the cyto-
plasmic face of the plasma membrane beneath target particles is
sufﬁcient to trigger focal accumulation of F-actin [19]. To deter-
mine whether myosin II activity is required for Syk-mediated
assembly of F-actin, we generated a chimeric construct encoding
the extracellular and transmembrane domains of FccRIIA fused
to full-length Syk (FccRIIA-Syk). This construct was transfected
into COS-7 cells, which lack endogenous FccRs. Attachment of
IgG-opsonized beads resulted in the accumulation of FccRIIA-Syk
and F-actin even in the presence of blebbistatin or ML-7
(Fig. 2A). The kinase-inactive mutant FccRIIA-Syk-K402R accumu-
lated at sites of bead attachment, but was unable to mediate accu-
mulation of F-actin (Fig. 2B). These results indicate that the kinase
activity of Syk contributes to F-actin assembly at the phagocytic
cup without requiring myosin II activity.
Syk is recruited to the phagocytic cup through direct interaction
with FccR [1,2]. To test whether the recruitment of Syk is depen-
dent on myosin II activity, we expressed Syk-tdTomato in RAW
cells and analyzed its localization during phagocytosis. Syk accu-
mulated at the phagocytic cup (60 s) and started to dissipate be-
fore cup closure (Fig. 3A and B). Treatment with blebbistatin or ML-
7 compromised this transient accumulation of Syk, indicating that
myosin II is involved in the recruitment of Syk to the phagocytic
cup.
A study using Syk-deﬁcient macrophages reported that Syk was
necessary for particle uptake, but not for the assembly of F-actin at
the phagocytic cup, proposing that Syk participates in cup closure
after pseudopod extension [20]. In contrast, another study identi-
ﬁed FcRc as a physiological substrate of Syk, raising the possibility
that Syk plays a role early in the process of phagocytosis [21]. Con-
sidering that Syk accumulated at the nascent phagocytic cup and
that forced clustering of Syk induced focal accumulation of F-actin
(Figs. 2A and 3), it is likely that Syk contributes to the induction of
actin polymerization, at least in part, by phosphorylating the ITAM
of FcRc [22].Unlike the case of wild-type Syk, we were unable to observe the
accumulation of Syk-R195A (Fig. 4A), which contains a mutation
that disrupts the function of the C-terminal SH2 domain [17]. This
observation conﬁrms that the transient recruitment of Syk to the
nascent phagocytic cup depends on its tandem SH2 domains. To
further deﬁne the role of myosin II in the recruitment of Syk, we
examined whether the interaction between Syk and the ITAM-con-
taining subunit FcRc depends on myosin II activity. Upon addition
of IgG-opsonized beads, the association of Syk with FcRc was en-
hanced (Fig. 4B). This association was signiﬁcantly reduced by inhi-
bition of myosin II. Consistently, overall tyrosine phosphorylation
and phosphorylation of Syk were also attenuated by treatment
with blebbistatin or ML-7 (Supplementary Fig. 2A, top, and B).
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Syk to the phagocytic cup [1,2], we examined whether myosin II
is involved in phosphorylation of FcRc on a tyrosine residue of
the ITAM. Phosphorylation of FcRc was attenuated by inhibition
of myosin II, as shown in Fig. 4C. These results indicate that myosin
II contributes to the binding of Syk to FcRc by facilitating phos-
phorylation of FcRc.
Receptor clustering underneath target particles has been re-
ported to activate FccR signaling [1]. We therefore analyzed the
distribution of FccR by immunostaining. FcRc accumulated at the
sites of bead attachment irrespective of treatment with blebbista-
tin or ML-7 (Fig. 5A), suggesting that myosin II activity is dispens-
able for receptor clustering.
A recent study has shown that CD45, which regulates ITAM sig-
naling, is excluded from contact sites of b-glucan particles, leading
to the activation of Dectin-1 signaling [3]. We therefore hypothe-
sized that CD45 might be excluded from contact sites of IgG-opso-
nized particles and analyzed the distribution of CD45 during FccR-
mediated phagocytosis. CD45 was excluded from contact sites of
IgG-opsonized beads, where tyrosine-phosphorylated proteins
accumulated (Fig. 5B). This observation suggests that the exclusion
of CD45 is related to the activation of FccR signaling.
We next examined whether myosin II is involved in the exclu-
sion of CD45. When IgG-opsonized beads were attached to control
cells, CD45 was excluded from contact sites, where FccR clustered
(Fig. 5C, top). The exclusion of CD45 was not apparent at contact
sites in blebbistatin-treated and ML-7-treated cells (Fig. 5C, middle
and bottom). These results indicate that myosin II activity is re-
quired for the exclusion of CD45 from contact sites of IgG-opso-
nized particles and suggest that this exclusion leads to the
activation of FccR signaling.Fig. 5. CD45 is excluded from contact sites of IgG-opsonized particles depending on m
presence of vehicle, blebbistatin, or ML-7 at 4 C for 30 min and subsequently incuba
extracellular beads (blue). (B) Cells were stained for CD45 (green), phosphotyrosine (red
(red), and extracellular beads (blue). Phagocytic cup/cell periphery ratio was calculated
experiments. Asterisks indicate p < 0.05 (Mann–Whitney U test), compared with vehicleCD45 has been reported to dephosphorylate SFKs at positive
regulatory sites during integrin-mediated adhesion [7]. We ob-
served, however, that phosphorylation of SFKs at these sites upon
addition of IgG-opsonized beads was not signiﬁcantly affected by
treatment with blebbistatin or ML-7 (Supplementary Fig. 2A, mid-
dle). ITAM-containing proteins such as CD3f and DAP12 have been
identiﬁed as substrates of CD45 [5,6]. It is therefore possible
that CD45 directly dephosphorylates FcRc in regulating FccR
signaling.
Although the mechanism regulating SFK activity in FccR signal-
ing remains poorly understood, a previous study has shown that
clustered FccR forms a high molecular weight complex that con-
tains active SFKs [23]. Our results indicate that inhibition of myo-
sin II attenuates ITAM phosphorylation (Fig. 4C), but not clustering
of FccR or phosphorylation of SFKs (Fig. 5A and Supplementary
Fig. 2A, middle). Formation of the high molecular weight complex
may lead to autophosphorylation of the activating tyrosine residue
of SFKs [4], perhaps independently of ITAM phosphorylation.
Inhibition of myosin II did not completely block F-actin assem-
bly at the phagocytic cup (Supplementary Fig. 1C). One possible
explanation for this observation is that SFKs phosphorylate FcRc
and activate Syk-dependent signaling pathways leading to actin
polymerization without requiring myosin II, albeit at a slower rate.
Another explanation is that Syk-independent signaling pathways
are important for the assembly of F-actin when myosin II is inhib-
ited. In contrast to Syk, the recruitment of PKCe to the phagocytic
cup is inversely correlated with the magnitude of FccR activation
[17]. Considering that PKCe plays a role in F-actin assembly during
phagocytosis [24], this kinase may be able to promote actin-rich
cup formation even when inhibition of myosin II reduces the phos-
phorylation of FcRc and the recruitment of Syk.yosin II activity. RAW cells were pre-incubated with IgG-opsonized beads in the
ted at 37 C for 1 min. (A) Cells were stained for FcRc (green), F-actin (red) and
) and extracellular beads (blue). (C and D) Cells were stained for CD45 (green), FcRc
(D). Data represent the mean ± S.D. of 8–14 phagocytic cups from two independent
. Arrowheads point to IgG-opsonized beads. Bars, 3 lm.
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cans. Particulate b-glucans induce Dectin-1-mediated phagocyto-
sis, whereas soluble b-glucans such as those shed from fungal
cell walls cannot activate Dectin-1 signaling despite their ability
to bind to the receptor [3]. Unlike particulate b-glucans, soluble
b-glucans do not segregate CD45 from Dectin-1. CD45 has there-
fore been implicated in the discrimination between particulate
and soluble b-glucans. Similar to b-glucans, phagocytes distinguish
between IgG-opsonized particles and soluble IgG that is not bound
to particulate antigens [25,26]. Given that CD45 is excluded from
contact sites of IgG-opsonized particles (Fig. 5B-D), it is conceiv-
able that CD45 is also involved in the discrimination between
IgG-opsonized particles and soluble IgG.
CD45 possesses a bulky, highly glycosylated extracellular do-
main. The contact between the plasma membrane of phagocytes
and the surface of target particles has therefore been proposed to
result in passive exclusion of CD45 due to steric effects [3],
although it has yet to be established whether the extracellular do-
main of CD45 plays a role in phagocytosis.
The cytoplasmic domain of CD45 associates with F-actin
through the actin-binding proteins spectrin and ankyrin, which af-
fect the lateral mobility of CD45 [27,28]. While connecting CD45 to
F-actin, spectrin interacts with phosphatidylinositol 4,5-bisphos-
phate [PI(4,5)P2] [27], a lipid known to regulate the interaction be-
tween the actin cytoskeleton and the plasma membrane [29]. To
test the possibility that the association of CD45 with F-actin con-
tributes to the exclusion of CD45 during FccR-mediated phagocy-
tosis, we sought to analyze the distribution of CD45 and PI(4,5)P2
at the phagocytic cup in detail. For this purpose, we used frustrated
phagocytosis on IgG-coated coverslips. The distribution of PI(4,5)P2
was monitored using the PH domain of PLCd tagged with EGFP
(PLCd-PH-EGFP) [30,31]. We found that CD45 colocalized with
PLCd-PH-EGFP in the peripheral regions of the plasma membrane
attached to IgG-coated coverslips (Supplementary Fig. 3, top).
Treatment with blebbistatin or ML-7 abolished the peripheral dis-
tribution of CD45 and PLCd-PH-EGFP (Supplementary Fig. 3, middle
and bottom). These results suggest that PI(4,5)P2 is involved in the
myosin II-dependent exclusion of CD45 from contact sites of IgG-
opsonized particles, presumably by regulating the association be-
tween CD45 and the actin cytoskeleton. Given that PI(4,5)P2 is also
important for the induction of actin polymerization at the phago-
cytic cup [32], it is conceivable that actin polymerization drives
the exclusion of CD45 and ampliﬁes FccR signaling, forming a po-
sitive feedback loop. Myosin II may facilitate this process by orga-
nizing actin ﬁlaments.
In conclusion, our ﬁndings suggest that myosin II induces the
exclusion of CD45 from contact sites of IgG-opsonized particles
and phosphorylation of FcRc, thereby promoting FccR-mediated
phagocytosis.
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